This paper focuses on the question of whether the magnitude of long-established environmentally related taxes (ERT) is related to countries environmental performance. While environmental taxes efficiencies have previously been discussed, those taxes contribution to reducing pollution and improving environmental quality has not been fully explored. This paper therefore analyzes the effectiveness of environmental taxes by examining the environmental performance of 50 countries from all regions in association with the amount of revenues from environmentally related taxes each country collects. Using a cross-section regression and a panel dynamic regression, the paper finds that countries with higher revenues from these types of taxes also exhibit higher reductions in CO2 emission, PM10 emissions, and energy consumption and production from fossil sources.
Introduction
In the economic literature, environmental taxes have been proposed as one of the main instruments for the mitigation of environmental problems such as pollution and climate change (e.g., Pigou , 1920) . Such instruments are classified as incentive-based mechanisms, as it is argued that taxes create the right incentives for agents to refrain from polluting above the socially "accepted level", internalizing the external costs. They can also be more efficient than so called command-andcontrol mechanisms, and their administration costs tend to be low (Baumol and Oates , 1988) . Pollution is an example of a negative externality that needs to be corrected, and taxes, fees and charges can induce polluters to internalize the cost of pollution they are imposing on the rest of society.
However, in the real world the debate is much more complicated. It is not easy to achieve a socially optimal outcome, and there is not a clear formula to establish the most efficient tax rate (e.g., Parry and Small , 2004, Newberry , 2004) . Besides, as different studies have shown, environmental taxes may have some negative consequences. Wier et al. (2005) , for example, concludes that environmental taxes in Denmark have undesirable consequences in terms of distributional effects, as those taxes are shown to be regressive. Similar results are found by Brännlund and Nordström (2004) , West and Williams III (2004) for Sweden and the United States. These implications enhance the importance of compensatory mechanisms that should come with the adaptation of such measures.
Environmental taxes clearly have political costs that complicate their implementation. Nonetheless, countries have employed taxes that, despite not being established for environmental reasons, perform similarly to an environmental tax. Some of the best-known and most frequently implemented environmentally related taxes (ERTs) are taxes on the use of fossil fuels such as petrol (gasoline) and diesel, the widespread adoption of which is explained by their ability to raise large fiscal revenues. The efficiency and distributional consequences of those taxes have been examined in many studies. Beyond these considerations, however, environmental taxes have been continually constraining agents in the economy, possibly affecting the consumption of fossil fuels and other pollution-intensive goods. Relatively few studies have considered the effectiveness of those taxes in this regard.
The rates and number of ERTs varies considerably from country to country. While some countries may impose higher taxes as part of their environmental policy, others may grant huge subsidies for fossil fuel consumption or the use of other pollution inputs. These differences may be easily perceived when comparing levels of ERT revenues. In this paper, revenue from ERTs will be used as a proxy of the level and magnitude of ERTs. The majority of these revenues come from fuel and transport activities, and these fuel taxes have had the aim of raising revenue rather than reducing fuel use. Although ERTs were not originally established as an environmental policy instrument, they could perform well in dealing with some environmental problems, and it is therefore essential to determine the extent of such side effects.
Studies analyzing the short and long-run demand elasticities of fossil fuels have shown that their demand is not very price sensitive. However, in the long run fuel taxes can lead to a negative time trend in price elasticity, mainly driven by responses in fuel efficiency and mileage per car for the case of gasoline (Brons et al. , 2008) . In this study we will focus on long-run impacts, and our proxy for ERTs may have the advantage of considering the general impact of different tax rates rather than of only one particular tax rate. Therefore, the idea of this work is to shed light on the association between the revenues from environmentally related taxes and the performance of some environmental variables. This work uses data from the OECD for 50 countries, mainly OECD countries but also including some countries from Latin America and Eastern Europe, as well as China and South Africa. The evidence here does not show any causal relationship or prove the efficiency of each environmental tax, but it does suggest that the magnitude and quantity of these taxes may affect environmental quality. In other words, countries that differ in revenues from environmental taxes experience different results in pollution abatement and environmental conservation.
Given global concern about climate change and pollution costs, market-based instruments may have the potential to mitigate those problems. Market-based instruments have been less used than command-and-control standards, 1 but some experiences have shown that, with a correct design and in the correct circumstances, these instruments can be appropriate for dealing with environmental problems.
Section 2 describes some of the literature on environmentally related taxes and their incidence. It is followed by Section 3, in which ERTs are defined and explained. This section also describes other variables taken into account. Section 5 shows the benchmark estimations using a cross-section approach, while Section 6 estimates a dynamic panel model using GMM. Finally, conclusions are presented in Section 7.
Literature Review
One main branch of the literature on the effects of environmentally related taxes on environmental performance focuses on carbon taxes, which are levied on fossil fuels and other products according to their carbon content in order to reduce CO2 emissions. For example, Gerlagh and van der Zwaan (2006) use a top-down energy demand model to analyze various instruments including carbon taxes. The authors find that a portfolio standard for carbon dioxide emission intensity by recycling carbon taxes as subsidies to non-fossil energy is the cheapest option for mitigating climate change in comparison to subsidies for non-fossil energy production and to carbon and fossil fuel taxes. Bruvoll and Larsen (2004) , using an applied general equilibrium simulation, analyze the effect of carbon taxes on emissions change in Norway. They found that carbon taxes had a modest effect on the reduction of CO2, contributing to a 2% decrease. The reduction in emissions per unit of GDP is significant, however, and the main effect was the reduction on energy intensity and process emissions. The main argument shared by some studies is the null effects of environmental taxes on CO2 emissions if they are accompanied by tax exemptions on energy-intensive industries and if they are applied to sectors with high inelastic demands. Liang et al. (2007) arrive at the same conclusion after using a CGE model to evaluate the impact of different carbon tax scenarios for China. In a scenario where energy and trade-intensive sectors are fully exempted and where all un-exempted sectors are subsidized, mitigation effects are very weak and exempted sector CO2 emissions rise. On the other hand, in this scenario the negative impacts of carbon taxes on GDP, employment and consumption are reduced, and output and exports in the trade-intensive sector are not affected.
In a forecast study on the effect of energy and carbon taxes on the energy system in Japan, Nakata and Lamont (2001) support the idea that these taxes are a suitable instrument for reducing 1 typically known as regulations or standards that impose strict restrictions on activity or use of inputs 3 CO2 emissions. Wissema and Dellink (2007) studies the Irish case and finds that a reduction of 25% relative to the 1998 level of CO2 can be achieved with a carbon tax of 10 to 15 euros per ton of CO2. Di Cosmo and Hyland (2011) , also taking into account the Irish case, use different tax scenarios to look at impacts on energy demand and carbon dioxide emissions. With a scenario of carbon tax increase from 21.5 euros in 2012 to 41 euros in 2025, the authors find that CO2 emissions will be reduced by 861,000 tons relative to a zero carbon tax scenario.
Some experiences with ERTs have been adversely affected by incorrect tax exemptions and poorly planned refund systems. Vehmas (2005) analyzes the experience of Finland with environmentally-based energy taxation and concludes that fiscally motivated deviations from the ideal environmental tax have undermined the real purpose of the tax.
Certain authors highlight the importance of fossil fuel taxes. For example, Sterner (2007) show the positive long-run effect of fossil fuel taxes in Europe in terms of reducing fuel demand and reducing carbon emissions. The author explains that carbon emissions are cut more than half by introducing high fuel taxes and the carbon content of the atmosphere is reduced by more than 1 ppm. In the same line, Yan and Crookes (2009) explain the importance of a scenario with fossil fuel taxes in order to deal with the rapid growth of vehicles and energy demand in China. This scenario leads to a potential reduction of 16.3% in energy demand, 18.5% in petroleum demand and 16.2% in GHG emissions by 2030 compared to the business as usual scenario.
Concrete empirical evidence has shown the effectiveness of some environmentally related taxes. Convery et al. (2007) underscore the effectiveness of the plastic bag levy in Ireland which started in 2002. One main result is that consumption of plastic bags in retail outlets fall by more than 90% and the annual revenues from this tax are around 13 million euros. Deyle and Bretschneider (1995) analyze waste taxes in United States, in particular taxes on land disposal, and find that higher taxes reduce wastes sent to landfills in comparison to other form of management.
Other works look at the effect of carbon taxes on emissions. Lin and Li (2011) use a difference in differences approach to analyze the effect of carbon taxes on per capita CO2 emissions. The authors find some significant effect in reducing CO2 emissions in Finland and a negative but not significant coefficient for the Netherlands, Denmark and Sweden. For Norway the effect was the opposite, an increase in CO2 emissions per capita, explained by the growth of energy products.
Hypothesis
As seen above, the introduction of environmental taxes can be effective in controlling pollution. When taxing energy or any pollution-intensive good, firms producing that good will internalize the social cost of pollution, which in the before-tax situation did not appear in the final price of that good. The price of these goods will thus increase with the tax and, therefore, the production of that good will decrease. Additionally, the resources freed up will help increase the production of environmentally friendly goods. Nonetheless, the effect of introducing these types of taxes could only be seen in long-term periods. Firms need time to substitute their inputs and production, and high demand inelasticity of energy goods will make also the environmental tax less effective in the short run. For this reason, we will initially consider periods of 15 years in the cross-sectional results and periods of at least two years in the dynamic GMM results when analyzing the impact of ERTs on pollution and pollution-intensive goods.
The hypothesis tested here is that countries that establish higher ERTs will have lower levels of pollution and less future production and consumption of non-renewable energy. A set of outcome variables for environmental pollution and fossil-related energy production and consumption is used. Environmental taxes will trigger agents in an economy to follow a diminishing path of energy consumption and pollution emission. Therefore, we expect a greater reduction in these variables in countries with higher initial ERTs. Initially, we will use the longest available period of the dataset, 15 years, by using a cross-sectional regression. To take advantage of the panel structure of the data and have more power for our regressions results, however, we will also use a dynamic system GMM to analyze the two or four-year change in our variables of interest. Using a GMM system allows us to deal with small sample bias, given that the number of time periods is small, with high persistence of variables.
Data Description 4 Environmentally Related Taxes
Environmentally related taxes are defined by the OECD as every payment to the general government levied on tax bases that have any environmental relevance 2 . Taxes are unrequited in the sense that benefits provided by government to taxpayers are not in proportion to their payments. Therefore, this definition takes into account the effect on relevant price elasticity and also implies that not every ERT was implemented with a specific environmental goal but does have, at least theoretically, a final positive impact on the environment. The main feature of ERTs is consequently that they incorporate the cost of pollution into final prices and thus create incentives for producers and consumers to change their behavior toward less environmental damage. The ERTs data analyzed in this paper were obtained from OECD, Eurostat and IEA 3 . Environmentally related taxes have been established in many countries and in different periods of time. The early 1990s witnessed increasing interest in environmental policy and the introduction of many "green" reforms; at that time Nordic countries were among the pioneers in implementing ERTs with a primarily environmental focus. Of these taxes, taxes on fuels are the most common type and generate the largest amount of revenues. Figure 1 shows that for most countries energy taxes are more important than pollution, resource and transport taxes. The variation in the level and timing of carbon taxes illustrates the overall divergence among countries' ERTs. Finland was the first to introduce a carbon tax in 1990 with a rate of $30 per metric ton of CO2, and Sweden adopted a carbon tax in 1991 with a rate of $105 per metric ton of CO2, while in the U.S. state of California a carbon tax was only introduced in 2008, with a rate of only $0.045 per metric ton CO2 (Summer et al. , 2009) . It is important to note, however, that environmentally related taxes are not the only environmental instrument used and not always the most efficient one (O Ryan et al. , 2003) . In fact, this instrument has always been accompanied by command-and-control policies such as environmental standard regulations.
In this paper, revenues from ERTs as a percentage of GDP will be used as a proxy for ERTs. Information from OECD and the Eurostat database of 50 countries is available, mostly OECD countries but also including some countries of Latin America and Eastern Europe, as well as China and South Africa. Table A .5 in the Appendix shows all the countries and the average of some variables for the period of analysis between 1995 and 2010.
Higher revenues from ERTs will not necessarily be linked to higher tax rates, as a scenario with high consumption of lightly taxed goods is possible. Additionally, a more effective tax may diminish the base of the environmental tax, thereby reducing total revenue from ERTs. Nevertheless, this situation is not common, and countries with higher revenues from ERTs generally have higher tax rates (OECD , 2006) . Most of the revenues from ERTs comes from taxes on motor fuels 4 and have existed for a long time. Furthermore, demand inelasticity from these goods is such that these taxes do not cause reductions in the base of the tax, and actually, these taxes are far from consistent with the environmental damage generated by motor fuel consumption (O Brien and Vourc'h. , 2002, Albrecht , 2006) . In contrast, taxes explicitly created to achieve environmental goals, better known as green taxes, have been in place for a relatively short time, and their revenues still represent only a small portion of total ERT revenues. The bulk of the growing tax base is still provided by energy use and transport activities, and most of these taxes are designed to raise revenue. Table A 
Environmental and Energy Variables
The change in nine environmental or energy variables will be analyzed. Non-renewable energy sources are an important pollution input that needs to be considered, including fossil fuels that remain the primary source for energy. All variables are obtained from the World Bank or the International Energy Agency and include the following: CO2 emissions per capita, forest area as percentage of land area, energy use per capita in kilograms of oil equivalent per US$1,000 GDP, fossil fuel energy consumption as a percentage of total energy consumption, electric power production from fossil fuel sources in kWh per capita, electric power production from renewable sources in kWh per capita, PM10 in micrograms per cubic meter, organic water pollutant emissions in kg per day and electric power consumption in kWh per capita 6 Figure 3 shows the wide range of CO2 per capita percentage change among countries. Some countries such as China have increased their level of per capita CO2 emissions by almost 100%, while many othersespecially in Europehave achieved reductions 7 . CHN  URY  CHL  PER  NOR  ARG  TUR  KOR  CRI  GTM  BRA  CYP  EST  GRC  SVN  MEX  ESP  DOM  AUS  IRL  AUT  NZL  LUX  CAN  FIN  PRT  LTU  JPN  LIE  HRV  ZAF  ISL  ITA  CHE  HUN  BGR  NLD  POL  COL  USA  CZE  FRA  BEL  SWE  GBR  DEU  LVA  SVK  MLT  DNK 8 . Some of these variables seem to have a clear correlation with the initial level of ERTs in 1995. CO2 emissions per capita during the period seem to have declined more in countries that had higher ERT revenues in 1995. For other variables such as PM10, energy use and electricity production from fossil fuels the relation is not clear. Furthermore, the percentage change during the period of analysis of variables as forest area and electricity production from fossil fuels resources is almost cero for many of the countries. Energy consumption increase is another variable that seem to be negatively correlated with higher ERTs in 1995. 
Other Variables
Several authors have analyzed different variables that may affect the change in pollution. The first variable that may impact the change in environmental variables is the level of GDP per capita in PPP constant prices. This variable measures the level of wealth and has been used in various empirical studies (Jobert et al. , 2002 , Martin , 2008 . Industrial intensity is also used as a proxy of the weight of polluting sectors in the economy. Economic growth, measured by GDP growth, has also been found to affect the level of pollution. As analyzed by Lin and Li (2011) , the level of urbanization (percentage of population in urban areas) will be used. Finally, to include a level of environmental stringency, a dummy for countries with high regulatory stringency for the pollutants from automobiles 9 .
5 Cross-Sectional Regressions
Methodology
The aim of the following empirical section is analyze the correlation of the change in different environmental or energy variables with the initial level of ERT. The achievement in environmental protection coming from environmental policies is determined mainly by its effects on the development and spread of new technologies (Kneese and Schultze , 1975) . In this way, it is necessary to consider longer periods when looking for the effects of ERT. In particular, this first regression considers a period of 15 years for most of the variables. Different models of regressions will be used to analyze these relationships. At first, the following model is estimated:
where EV is one of the nine environmental variables mentioned above. Therefore, nine regressions are estimated to determine the change during the period between 1995 and 2010 10 . The initial level of the environmental variable will be included in the regressors; the reason will be explained in further detail in the next section. The main variable of interest will be ERTs in the initial year. Finally, X includes all the control variables. In this first part, only GDP per capita in 1995, GDP growth, and the percentage of urban population will be used 11 and ε the error term. The coefficients suggest that revenue from ERTs is a good proxy of the level of taxes, discouraging the consumption of pollution inputs and reducing emissions of CO2 and PM10. Moving a country from the first to the fifth quintile of the distribution of revenues from ERTs in 1995 implies on average a decrease in the growth rate of CO2 emissions per capita and PM10 by 12.2% and 6.9% points, respectively, over the 15-year sample period. With respect to the variables of energy and fossil fuel consumption, the lower growth rate is 3.2% points and 3.8% points, respectively. On the other hand, the results would imply an increase in the growth rate of forest area, electricity production from renewable sources, electricity power consumption, and electricity production from fossil sources of 0.1, 23.3, 7.3 and 0.1 percentage points, respectively 13 .
Results

Disaggregation of ERT
Taking into account the variety of taxes, Table 2 disaggregates revenue from ERTs into three main taxes: energy taxes, transport taxes and pollution taxes. The information is available for the period of analysis for only one set of countries, all European 14 . Energy taxes include taxes on energy products for transport purposes such as petrol, diesel, natural gas and others, and taxes on energy products for stationary purposes (coal, biofuels, heavy fuel oil, electricity consumption and production, and district heat consumption and production, among others). Transport taxes include taxes on motor vehicles, road use, congestion taxes, flights, use of motor vehicles and other means of transport. Finally, pollution taxes include taxes for emissions in the air (N O x , SO2 contents, etc.), for ozone-depleting substances, for effluents to water, water pollution, water pollution and noise. The other classification of taxes includes resource taxes, in particular taxes on water abstraction, timber, fishing, extraction of raw materials and other resource extraction. This final classification was computed together with pollution taxes. 13 In A of the Appendix the same regression is estimated as in Table A .4 but using a Seemly Unrelated Regression (SUR) model. The reason for estimating a SUR is the possible existence of correlated errors across the equations and therefore the efficiency of the estimator could be increased. The sample period for this regression is 1995 to 2008 because of missing years in the variables for forest area and water pollutants. 14 Data from Eurostat
The results using the change in CO2 emissions per capita are presented in Table 2 . The same variable controls were included as in Table 1 but, given that this disaggregation of revenue is not available for all countries, there are fewer observations than in the previous estimates. Higher revenue from energy taxes is negatively correlated with the increase of CO2 emissions per capita and significant, and the same occurs with revenues from pollution taxes. On the other hand, the coefficient is positive for transport taxes, but the null hypothesis of being zero is not rejected. 
GMM System Regressions
Methodology
The aim of this section is to estimate a dynamic panel model and to avoid inconsistent estimators once the lagged regressor is introduced. For this purpose Generalized Methods of Moments (GMM), proposed by Blundell and Bond (1998) and based on the Arellano-Bond method, are used. A two-step estimator is applied, using the level equation and the first difference regression equation, where the first order difference variables and the lagged variables are employed as instrument variables for the level and first difference equation, respectively 15 . As explained above, the effects of environmental policy should be long term and it is therefore preferable to consider periods longer than a year. For this panel, periods of two and four years will be used 16 .
The following model will be estimated to capture the effect of the growth of each environmental or energy variable during the last two or four years:
where β captures the speed of convergence. X represents the control variables including GDP growth during the last 2 or 4 years, industrial intensity, urban population and a dummy for high regulation in pollutants from automobiles as a proxy of environmental regulatory stringency. θ captures time fixed effects. Tables 3 and 4 show the GMM estimations using a period lag of two and four years 17 . The p values from the AR test show that the second order residuals are not correlated and therefore the estimators are consistent. Likewise, the p value from the Hansen test implies validity of the instruments as the instruments appear to be exogenous for all regressions.
Results
The main findings for the first table can be summarized as follows. The growth rates of CO2 emissions per capita, energy consumption, fossil fuel consumption, PM10, electricity production from fossil sources and water pollution are negatively correlated with the lagged level of revenue from ERT. On the other hand, the growth rates of electricity consumption and electricity production from renewable sources are positively correlated. Coefficients are significant with a 95% level of confidence when using CO2 emissions per capita, PM10, electricity production from fossil sources and electricity production renewable sources as dependent variables 18 . For an average country, an increase of revenue from ERTs as percentage of GDP by 1% point implies a reduction in 5.4% points in the growth rate of CO2 emissions during the two next years.
In Table 4 , the growth of CO2 emissions per capita, energy use and electricity production from fossil sources continue to present negative correlation with the variable of ERT 19 . Contrary to previous estimations, the coefficient of the lagged revenue from ERTs and the growth rate of fossil fuel consumption and PM10 are now positive. For the former, the coefficient is significantly different from zero, but in the latter the coefficient is not statistically different from zero. On average, an increase of one percentage point of revenue from ERTs as a percentage of GDP is associated with an increase in electricity production from renewable sources in 33% points. In contrast, the same increase implies a reduction in 16% and 14% points in the growth rate of CO2 emissions per capita and energy consumption, respectively. Table 5 summarizes all the previous estimations according to each environmental or energy variable and includes the coefficient signs of the estimators. The most notable result from all estimations is the effect of ERTs on the growth of CO2 emissions per capita: all estimations show a clear negative relation between revenue from ERTs and the growth of this variable. As CO2 emissions are driven by a variety of economic activities, it is therefore not surprising to find that this variable is the one most affected by the level of total ERTs. It could be useful for future analysis to study the effect of ERTs on each economic activity on the CO2 emissions generated by that specific activity.
The results from energy use as a dependent variable are also very robust and significant for some estimations. PM10, with the exception of the last estimation, also shows also a negative and significant correlation. Higher revenue from ERTs is also associated with lower electricity production from fossil sources but higher production from renewable sources. On the other hand, electricity consumption seems to have grown more in countries with higher revenues from ERT. Countries with higher revenues from ERTs seem to perform better in the environmental domain. This means lower emissions, including CO2 and PM10 levels, decreasing water pollutants, and reducing energy consumption and production, especially from fossil fuel sources. Revenues from ERTs come mainly from fuel taxes, and most of these taxes were introduced to increase revenues rather than reduce fuel consumption or improve environmental quality. These results suggest that, while fuel taxes may not be as effective or efficient as the literature had argued, they did have some impact on environmental quality. For example, higher fuel taxes can lead to higher fuel efficiency, and it seems to do so when long-run impacts are analyzed, as this study does. Additionally, the effects on pollution can be at a local level, as shown with PM10, or at a more national level as occurs with CO2 emissions. Although previous studies have questioned the effectiveness of ERTs and highlighted their inefficiencies, the results from this work show that, despite all, ERTs are effective. Therefore, this market-based instrument has considerable potential for dealing with environmental problems. Tables   Appendix Table A 
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